Introduction
============

Bread wheat (*Triticum aestivum* L.) is one of the most important food crops providing a significant proportion of the calories and protein consumed by humans ([@B29]; [@B6]). Grain yield in wheat largely depends on plant architecture, particularly plant height, which is significantly associated with biomass production and harvest index that ultimately determine yield potential ([@B20]). Most importantly, appropriately reduced plant height reduces lodging and increases grain yield ([@B12]). The introduction of semi-dwarf varieties leading to the "Green Revolution" greatly enhanced crop yields globally ([@B33]).

To date, 23 dwarfing genes (*Rht1*--*Rht23*) have been cataloged in wheat (Supplementary Table [S1](#SM1){ref-type="supplementary-material"}) ([@B27]). Among them, only four homeologous genes *Rht1* (*Rht-B1b*), *Rht2* (*Rht-D1b*), *Rht3* (*Rht-B1c*), and *Rht10* (*Rht-D1c*) from the chromosome 4BS, 4DS, 4BS, and 4DS, respectively, had been cloned ([@B33]; [@B32]; [@B47]), 13 were on chromosomes 2AS (2), 2BL (1), 2DL (1), 3BS (1), 5AL (1), 5DL (1), 6AS (3), 7AS (1), and 7BS (2), but the locations of six other dwarfing genes have not been determined yet ([@B33], [@B35]; [@B11]; [@B47]; [@B28]; [@B7]). So far, more than 50 quantitative trait loci (QTL) for plant height have also been identified on all wheat chromosomes in previous reports ([@B3]; [@B34]; [@B36]; [@B24]; [@B15]; [@B49]). For example, [@B45] identified quite a few stable plant height QTL located on chromosomes 2A, 2B, 2D, 3B, 4B, 5A, 5D, 7B, and 7D. [@B15] found that all chromosomes except for 3D, 4A, and 5D, had plant height genes using meta-QTL analysis. However, only a few genes for reduced stature have been used in wheat breeding because most showed negative effects on grain yield ([@B20]; [@B46]; [@B7]). *Rht-B1b* (4BS), *Rht-D1b* (4DS) and *Rht8* (2DL) are extensively used in wheat breeding globally and molecular markers have been developed for their marker-assisted selection (MAS) ([@B19]; [@B33]; [@B38]; [@B10]; [@B1]). *Rht-B1b* (*Rht1*) and *Rht-D1b* (*Rht2*) were two major genes in the Green Revolution, and at present, approximately 70% of wheat varieties throughout the world contain at least one of them ([@B12]). *Rht8* reduced plant height around 10% and it has not significant negative effect on grain yield ([@B46]).

Simple sequence repeat (SSR) markers were favored for research and breeding in the last two decades due to high polymorphism, good repeatability, co-dominance and a simple polymerase chain reaction (PCR)-based system for analysis ([@B39]). With rapid advancements in sequencing technology, the quality of wheat genome assembly has been significantly improved and large numbers of high-quality scaffolds to facilitate gene isolation are available ([@B40]). Simultaneously, many single nucleotide polymorphisms (SNPs) were identified for developing SNP chips, providing high-throughput genotyping platforms that have been extensively used for genome-wide association studies (GWAS) and QTL mapping at high resolution ([@B8]; [@B44]; [@B42]; [@B14]; [@B48]). Many QTL for agronomic traits, grain and industrial quality and disease resistance have been identified in wheat ([@B4]; [@B44]; [@B30]; [@B17]; [@B25]; [@B51]). Thus, the availability of high quality wheat genome data and high-throughput SNP genotyping platforms greatly advanced wheat genetics and breeding.

We previously identified a plant height major QTL *QPH.caas-6A* between *Xwmc256* and *Xbarc103*, which explained 8.0--10.4% of the phenotypic variance across eight environments using an *F*~2:4~ population derived from the Jingdong 8/Aikang 58 cross ([@B21]). In addition, *QPH.caas-6A* probably was consistent with *QTL_height_6A_1*, which also linked with *Xwmc256* on chromosome 6AL and explained 6.3--29.1% of the phenotypic variance (PVE) ([@B15]). Furthermore, *QPH.caas-6A* was identified to reduce TGW 6.5--8.2%, increase kernel number per spike and number of spike by 2.4--3.5% and NS by 2.0--4.6%, respectively, which is similar to "green revolution" gene *Rht2* ([@B21]). Thus *QPH.caas-6A* was a potentially useful dwarfing locus in wheat breeding. Here we designate *QPH.caas-6A* as *Rht24*. The previously closest markers flanking *Rht24* were *Xbarc103* and *Xwmc256*, which were 8.2 cM apart. The aim of the present study was to identify markers more closely linked to *Rht24* using the wheat genomic database and a 660K SNP chip and thereby establish a more efficient MAS system for wheat breeding.

Materials and Methods {#s1}
=====================

Plant Materials
---------------

Two hundred and fifty-six recombinant inbred lines (RILs, *F*~2:6)~ from a cross between Aikang 58 (AK58) × Jingdong 8 (JD8) were used for genetic analysis. AK58, a leading variety occupying more than one million ha in the Yellow and Huai Valley, has a short plant height and excellent lodging resistance. Jingdong 8, with relatively tall plant height and excellent resistance to heat during the grain filling stage, was an elite variety in the Northern China Plain Region. Two sets of Chinese and introduced elite varieties (Supplementary Tables [S4](#SM4){ref-type="supplementary-material"}, [S5](#SM5){ref-type="supplementary-material"}), comprising 154 (Set I) and 88 (Set II) varieties, were used to validate the efficacy of MAS for *Rht24* and to investigate allelic distributions.

Field Trials and Phenotype Evaluation
-------------------------------------

The RILs and parents were planted at Gaoyi in Hebei province and Anyang in Henan during the 2014--2015 cropping season, and at Gaoyi during 2015--2016 cropping season. The experimental design was randomized complete blocks and three replications. Each plot was a single 2 m row with 25 cm between rows.

Set I varieties were planted at Anyang in Henan province and Suixi in Anhui, respectively, during the 2012--2013 and 2013--2014 cropping seasons. Set II varieties were grown at Shijiazhuang in Hebei and Beijing, respectively, during the 2012--2013 and 2013--2014 cropping seasons. These were grown in randomized complete blocks with three replications. Each plot consisted of four 2 m rows spaced 30 cm apart and approximately 50 plants in each row. Field management was according to local practice. During the whole wheat growth period in our field trial, there is no extreme weather causing serious damages, such as cold spell in later spring, dry and hot wind in filling stage, and fertilization (bottom fertilizer including 150 kg/h^2^ Urea plus 400 kg/h^2^ Diammonium Phosphate; 300 kg/h^2^ Urea just before elongation stage) is enough for wheat growth and development.

Plant height was measured from the ground to spike (awns excluded) at grain-filling. For each plot, five representative primary tillers on different plants in the middle of each row were selected to measure the plant height, and the averaged value was used for subsequent analysis. TGW was determined by weighing triplicate 200 grain samples.

Genotypic Analysis Using Simple Sequence Repeat (SSR) Markers
-------------------------------------------------------------

Genomic DNA was isolated from young leaves using the modified CTAB method ([@B41]). Twenty-two SSR markers on chromosome 6AL were chosen for genetic analyses^[1](#fn01){ref-type="fn"}^ (Supplementary Table [S7](#SM7){ref-type="supplementary-material"}).

Polymerase chain reaction was performed in a 15 μl reaction system containing 7.5 μl of 2 × Taq PCR Mix (Tianwei Biotechnology Co., Ltd., Beijing^[2](#fn02){ref-type="fn"}^), 5 pmol of each primer and 100 ng of genomic DNA. Amplification was performed at 94°C for 5 min, followed by 35 cycles at 94°C for 20 s, 50--60°C (depending on specific primers) for 30 s and 72°C for 1 min, with a final extension at 72°C for 5 min. The PCR products were separated in 6% polyacrylamide or 2% agarose gels.

Gene-Specific Marker Development by Genome Mining Approach
----------------------------------------------------------

To confirm the target sequences of the SSR mentioned above, PCR products were purified using the TIANgel MIDI Purification Kit (Tiangen, Biotechnology Co., Ltd., Beijing^[3](#fn03){ref-type="fn"}^). The purified PCR products were ligated with cloning vector pEASY-T5 Zero and then transformed into Trans1-T1 competent cells by the heat shock method (TransGen Biotech Co., Ltd., Beijing^[4](#fn04){ref-type="fn"}^). At least three positive clones from each transformation were randomly selected and sequenced at Shanghai Sangon Biotech Co., Ltd^[5](#fn05){ref-type="fn"}^. The SSR target sequences were used as BLAST queries^[6](#fn06){ref-type="fn"}^ to identify desirable scaffolds. The genes of interest in the target scaffold were isolated and sequenced following the above procedure. Sequence sites polymorphic between the parents were identified by alignments with DNAMAN software^[7](#fn07){ref-type="fn"}^ for designing gene-specific markers. Cleaved amplified polymorphic sequences (CAPS) or derived CAPS (dCAPS) marker for each target gene was developed following [@B43].

SNP Chip-Based Screening
------------------------

Wheat 660K SNP chip was developed by the Institute of Crop Science, Chinese Academy of Agricultural Sciences, synthesized by Affymetrix and commercially available at CapitalBio Corporation^[8](#fn08){ref-type="fn"}^. Recently, the chip has been efficiently used in our lab ([@B17]).

To identify more molecular markers linked to *Rht24* the 660K SNP chip was used to test two parents and two contrasting bulks of the RIL population, comprising equal amounts of genomic DNA from 10 tall and 10 short RILs, respectively. Genotyping was performed at CapitalBio Technology Company^[9](#fn09){ref-type="fn"}^. SNPs polymorphic between parents and between two bulks were selected to develop CAPS markers.

Genetic Linkage Map Construction and Statistical Analysis
---------------------------------------------------------

Quantitative trait locus IciMapping 4.0^[10](#fn010){ref-type="fn"}^ was used for linkage map construction and QTL analysis using a LOD score threshold of 3.0 ([@B23]). Plant height was reformed with an algorithm SERiation and criterion SARF (sum of adjacent recombination frequencies). Variance analysis and *t*-test (Duncan method) were conducted with SAS 9.4^[11](#fn011){ref-type="fn"}^. The broad-sense heritability (*h*~B~^2^) of the corresponding traits was calculated using the following formula:
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where σ^2^g, σ^2^~ge~, and σ^2^~ε~ were estimates of lines, line × environment interactions and residual error variances, respectively, and *e* and *r* represented the numbers of environments and replicates, respectively (Supplementary Table [S6](#SM6){ref-type="supplementary-material"}; [@B31]). *T*-test was used to perform the association analysis between *Rht24* and plant height as well as TGW.

Results
=======

Confirmation of *Rht24*
-----------------------

In our previous study, *Rht24* was identified with LOD score of approximately 12, explaining 8.0--10.4% of the phenotypic variance; it was mapped within an 8.2 cM interval flanked by *Xbarc103* and *Xwmc25*6 ([@B21]). To further verify *Rht24*, 22 SSR markers were selected from the targeted region of chromosome 6AL (Supplementary Table [S7](#SM7){ref-type="supplementary-material"}). Among them, only *Xbarc103* and *Xwmc256* were polymorphic between the parental lines and bulk lines built by 10 tall and 10 short lines (Supplementary Figure [S1](#SM10){ref-type="supplementary-material"}). *Rht24* was located between the two markers, which were 19.46 cM apart. Although the genetic distance was greater than reported previously, the QTL for reduced plant height was confirmed.

Narrow-Down of *Rht24* by the Genome Mining Approach
----------------------------------------------------

To confirm the chromosomal location of *Rht24*, we cloned and sequenced the differential fragments of *Xbarc103* and *Xwmc256* in the tall and short lines, respectively (Supplementary Figure [S1](#SM10){ref-type="supplementary-material"}). Sequencing results showed that they were consistent with the reported sequences^[12](#fn012){ref-type="fn"}^. Using the sequences as queries to BLAST against International Wheat Genome Sequence Consortium database^[13](#fn013){ref-type="fn"}^, a super scaffold of approximately 208 Mb (approximately 1200 genes) spanning *Rht24* was identified (**Figure [1](#F1){ref-type="fig"}**). Twenty genes involved in plant morphogenesis and hormone metabolism were selected from the scaffold and sequenced (Supplementary Table [S8](#SM8){ref-type="supplementary-material"}). Polymorphisms between AK58 and JD8 were detected at loci *TaGA3*, *TaFAR*, and *TaAP2* (Supplementary Figures [S2A--C](#SM11){ref-type="supplementary-material"} and Table [S2](#SM2){ref-type="supplementary-material"}). Based on these polymorphisms, three gene-specific CAPS or dCAPS markers were developed (**Figures [2A](#F2){ref-type="fig"}--[C](#F2){ref-type="fig"}** and Supplementary Figures [S2A--C](#SM11){ref-type="supplementary-material"}). Upon genotyping the RIL, the location of *Rht24* was narrowed to a 1.85 cM interval flanked by *TaFAR* and *TaAP2* (**Figure [3](#F3){ref-type="fig"}**).

![A super scaffold spanning *Rht24*. Locations of SSR loci *Xbarc103* and *Xwmc256* are shown by *arrows*.](fpls-08-01379-g001){#F1}

![PCR patterns of polymorphic markers *TaGA3* **(A)**, *TaFAR* **(B)**, and *TaAP2* **(C)**. Polymorphic fragments associated with height differences between short and tall RILs are shown by *arrows*. M, Marker (20 bp DNA ladder, Takara Bio Company). *Lanes 1* and *2* are the parents, AK58 and JD8, respectively; *lanes 3--8* are short RILs; *lanes 9--14* are tall RILs.](fpls-08-01379-g002){#F2}

![Linkage map of *Rht24*. The names and corresponding locations of all markers are indicated on the *right* side of the map. Genetic distance (cM) is shown on the *left* side of the map. The region of *Rht24* is highlighted in *blue*.](fpls-08-01379-g003){#F3}

Enriching Molecular Markers in the *Rht24* Region by a Combination of SNP Genotyping Assays and Genomic Identification
----------------------------------------------------------------------------------------------------------------------

To enrich molecular markers in the *Rht24* region, the 660K SNP chip was used in genotyping assays. In total, more than 400 polymorphic SNPs on chromosome 6A from wheat 660K SNP chips were identified between two contrasting bulks (data not shown). Among them, the target sequences of polymorphic SNPs anchored in the super scaffold above were used to develop site-specific CAPS markers (Supplementary Table [S9](#SM9){ref-type="supplementary-material"}). Among them, three polymorphic loci, *TaSNP1*, *TaSNP2*, and *TaSNP3*, were mapped in the region of *Rht24* (Supplementary Figures [S3A--C](#SM12){ref-type="supplementary-material"}, [S4A--C](#SM13){ref-type="supplementary-material"}, Table [S2](#SM2){ref-type="supplementary-material"} and **Figure [3](#F3){ref-type="fig"}**). However, they did not further narrow down the *Rht24* locus.

Validation of Molecular Markers Closely Linked to *Rht24*
---------------------------------------------------------

Among 242 wheat varieties genotyped by markers *TaFAR* and *TaAP2* (Supplementary Figures [S5A,B](#SM14){ref-type="supplementary-material"}), *Rht24* was present in 185 (76.4%) varieties and absent in 41 (17%) (Supplementary Table [S3](#SM3){ref-type="supplementary-material"}). The average plant height for the varieties containing *Rht24* was 78.2 and 80.2 cm in Sets I and II, respectively, whereas for those without *Rht24* the comparative values were 86.1 and 86.2 cm, respectively, indicating that varieties with *Rht24* were generally shorter than those without (*P*~I~ = 0.029, *P*~II~ = 0.003, **Table [1](#T1){ref-type="table"}**). *Rht24* was also significantly associated with thousand grain weight (TGW) in Set I (*P* = 0.014, **Table [2](#T2){ref-type="table"}**). Although *Rht24* had no significant association with TGW in Set II, the average TGW of entries with *Rht24* was 2 g higher than those without (*P* = 0.196, **Table [2](#T2){ref-type="table"}**). On average *Rht24* reduced plant height by 6.0--7.9 cm and increased TGW by 2.0--3.4 g in all varieties used in this study (**Tables [1](#T1){ref-type="table"}**, **[2](#T2){ref-type="table"}**).

###### 

Association analysis between *Rht24* genotypes and plant height in two sets of germplasm.

  Germplasm   Year         Environment    Genotype^a^   Number of accessions   Mean plant height (cm)^b^   *SD* (cm)   Range (cm)
  ----------- ------------ -------------- ------------- ---------------------- --------------------------- ----------- -------------
  Set I       2012--2013   Anyang         *A*           17                     88.5a                       14.7        75.0--138.3
                                          *B*           128                    81.0a                       7.0         63.3--106.7
                           Suixi          *A*           17                     84.8a                       12.4        71.0--125.0
                                          *B*           128                    77.2b                       6.6         55.0-95.7
              2013--2014   Anyang         *A*           17                     83.6a                       15.2        66.0--135.7
                                          *B*           128                    74.4b                       7.0         58.2--92.1
                           Suixi          *A*           17                     87.8a                       12.4        72.4--125.8
                                          *B*           128                    80.2b                       6.6         59.8--100.9
                           Average        *A*           17                     86.1a                       13.5        72.2--131.2
                                          *B*           128                    78.2b                       6.4         59.5--98.8
                                                                                                                       
  Set II      2012--2013   Beijing        *A*           24                     82.3a                       10.3        62.9--109.8
                                          *B*           57                     76.0b                       8.0         49.3--93.9
                           Shijiazhuang   *A*           24                     85.3a                       9.0         68.2--108.4
                                          *B*           57                     80.5b                       7.6         55.6--97.3
              2013--2014   Beijing        *A*           24                     82.3a                       10.3        62.9--109.8
                                          *B*           57                     76.0b                       8.0         49.3--93.9
                           Shijiazhuang   *A*           24                     85.3a                       9.0         68.2--108.4
                                          *B*           57                     80.5b                       7.6         55.6--97.3
                           Average        *A*           24                     86.2a                       9.5         67.8--110.7
                                          *B*           57                     80.2b                       7.5         57.7--95.7
                                                                                                                       

a

A

, JD8 parental genotypes and

B

, AK58 parental genotypes based on flanking markers

TaAP2

and

TaFAR

. Varieties with recombinant genotypes are not included.

b

Different lowercase letters following the mean plant height indicate significant differences between two genotypes at

P

\< 0.05 (Dunnett's

t

-test); SD, standard deviation.

###### 

Association analysis between *Rht24* genotypes and TGW in two sets of germplasm.

  Germplasm   Year         Environment    Genotype^a^   Number of accessions   Mean TGW (g)^b^   *SD* (g)   Range (g)
  ----------- ------------ -------------- ------------- ---------------------- ----------------- ---------- ------------
  Set I       2012--2013   Anyang         *A*           17                     38.7a             6.0        30.1--53.3
                                          *B*           128                    41.4b             5.0        25.3--56.1
                           Suixi          *A*           17                     39.2a             6.1        29.3--49.8
                                          *B*           128                    42.7b             5.5        25.7--56.3
              2013--2014   Anyang         *A*           17                     47.0a             6.9        35.3--59.7
                                          *B*           128                    50.3b             5.2        28.3--63.4
                           Suixi          *A*           17                     42.4a             7.4        30.2--57.7
                                          *B*           128                    46.3b             5.7        22.5--62.2
                           Average        *A*           17                     41.8a             6.3        31.7--54.0
                                          *B*           128                    45.2b             5.0        26.1--59.2
                                                                                                            
  Set II      2012--2013   Beijing        *A*           24                     30.7a             6.6        21.5--43.3
                                          *B*           57                     32.2a             5.5        21.4--42.9
                           Shijiazhuang   *A*           24                     32.3a             7.1        20.9--48.1
                                          *B*           57                     34.1a             6.0        21.1--46.3
              2013--2014   Beijing        *A*           24                     29.6a             6.0        20.5--44.4
                                          *B*           57                     30.9a             4.9        19.7--40.1
                           Shijiazhuang   *A*           24                     39.1a             9.4        25.5--66.1
                                          *B*           57                     42.3a             7.7        26.3--56.3
                           Average        *A*           24                     32.9a             7.1        22.1--50.5
                                          *B*           57                     34.9a             5.7        22.5--46.1
                                                                                                            

a

A,

FAR-a

/

AP2-a

(parental JD8 genotype); B,

FAR-b

/

AP2-b

(parental AK58 genotype).

b

Different lowercase letters following the mean plant height indicate significant differences between two genotypes at

P

\< 0.05 (Dunnett's

t

-test); SD, standard deviation.

Discussion
==========

*Rht24* Is an Important Locus Affecting Plant Height and Grain Weight in Wheat
------------------------------------------------------------------------------

Previous studies showed that loci controlling plant height were present in all 21 wheat chromosomes ([@B26]; [@B13]; [@B15]). The QTL *QTL_height_6A_1* linked with *Xwmc256* on chromosome 6AL explained 6.3--29.1% of the phenotypic variance (PVE) ([@B15]). *Rht24*, previously designated as *QPH.caas-6A*, was flanked by SSR markers *Xwmc256* and *Xbarc103* ([@B21]), indicating that it could be the same as *QTL_height_6A_1*. Here we developed two markers, *TaFAR* and *TaAP2* that closely flanked *Rht24*. The two markers were used to test the genetic effect of *Rht24* and observed similar result with the previously reported (**Table [3](#T3){ref-type="table"}**; [@B15]; [@B21]). *Rht24* genotyped by *TaAP2* and *TaFAR* as markers showed a significant association with reduced height among elite varieties. It was present in about 76% of elite varieties indicating that it was positively selected in wheat breeding programs (Supplementary Table [S3](#SM3){ref-type="supplementary-material"}). In our previous study, *Rht24* reduced TGW by 6.9--8.5%. However, *Rht24* had a positive effect on thousand kernel weight in the present study (**Table [2](#T2){ref-type="table"}**). We speculate that two reasons probably account for this case. The AK58/JD8 RIL and natural populations have better hereditary stability than the previous *F*~2:4~ mapping population and are used to define *Rht24* with more accurate effect analyses. Additionally, the interval of *Rht24* was narrowed down and thus more interference effects of other genes were excluded using the closest flanking markers, *TaFAR* and *TaAP2*. In fact, it still cannot be ruled out that other genes disturb the effect of *Rht24* on TGW based on our existing mapping information. Thus it is necessary to further narrow down the interval of *Rht24*. Thus, *Rht24* is an important QTL for plant height and TGW in wheat and MAS mediated by selection for appropriate *TaAP2* and *TaFAR* alleles should be effective.

###### 

Phenotypic effect of *Rht24* on plant height in the AK58/JD8 RIL population.

  Environment           Interval        LOD^a^   Add^b^   PVE (%)^c^
  --------------------- --------------- -------- -------- ------------
  Anyang (2014--2015)   *TaAP2-TaFAR*   4.6      -3.1     9.9
  Gaoyi (2014--2015)    *TaAP2-TaFAR*   11.7     -3.9     23.7
  Gaoyi (2015--2016)    *TaAP2-TaFAR*   5.6      -3.1     10.7
  Average               *TaAP2-TaFAR*   8.0      -3.4     16.8
                                                          

a

Logarithm of odds score; QTLs were detected at a LOD threshold of 3.0.

b

Additive effects.

c

Percentage of phenotypic variance explained by

Rht24.

Distribution of *Rht-B1b*, *Rht-D1b*, and *Rht8* in Chinese germplasm was detected by molecular markers, with frequencies of 24.5, 45.5, and 46.8%, respectively ([@B53]). In addition, *Rht-B1b* and *Rht-D1b* were tested by KASP assays in current Chinese leading varieties with frequencies of 36.9 and 38.6%, respectively ([@B37]). Our study showed that *Rht24* was present in about 76% of elite Chinese varieties, a much higher frequency than either *Rht-B1b* or *Rht-D1b* (Supplementary Table [S3](#SM3){ref-type="supplementary-material"}). The results indicated that *Rht24* had the highest frequency distribution compared with the other three loci, and it was frequently present in combination with *Rht-D1b* or *Rht8*. It was reported that *Rht8* not only to reduce plant height but also significantly increase TGW ([@B52]), however, *Rht-B1b* and *Rht-D1b* showed negative effects on TGW ([@B22]). In this study, *Rht24* increased TGW by 2.0--3.4 g in all varieties used (**Table [2](#T2){ref-type="table"}**).

In all, *Rht24* was important and extensively used in Chinese wheat breeding programs. Further study is needed to understand the origin of *Rht24* in Chinese wheat and investigate *Rht24* effect on the other traits, such as tiller number, flowering date, spike length and so on.

Combination of SNP Chip-Based Screening and Genome Mining Was an Effective Approach for Fine Mapping of *Rht24*
---------------------------------------------------------------------------------------------------------------

As the development of genome sequencing technology, high-quality wheat genome sequencing data has been continuously updated and released^[14](#fn014){ref-type="fn"}^. Based on BLAST against wheat genome databases, the markers from preliminary mapping can be used as entry points to mine new markers linked to the loci of interest. In the present study we used SSR markers flanking *Rht24* as queries and identified a super scaffold. According to gene annotations, we developed three gene-specific markers and narrowed the region of *Rht24* from a 19.46 cM interval (8.2 cM in our previous study) to 1.8 cM. A 660K SNP chip was recently developed and released^[15](#fn015){ref-type="fn"}^. The 660K chip has several advantages compared to the 90K SNP chip, such as higher marker density and higher resolution as well as better distribution on chromosomes. We used this chip to screen candidate markers linked to *Rht24* and a significant number of polymorphic SNPs were obtained (data not shown). It was an obviously effective approach to take advantage of constantly updated genome information and high-throughput SNP platforms.
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